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Abstract—In this paper, we present the Pragmatic Web architecture 
and how it can be used to improve automation for the Internet of 
Things. Pragmatic Web system is the next advancement on the 
Web, where the application provides context dependent data and 
services, hence improves its usefulness for service consumers. We 
argue that the Pragmatic Web is a good match for the Internet of 
Things, especially for home automation which involves service 
requests to the Web. Our contributions in this paper are software 
architecture of the Pragmatic Web and how the interaction between 
the Pragmatic Web and smart device can be implemented: (1) 
three-phase of interaction mechanism, and (2) an improvement of 
FIPA ACL message and message content for communication. Our 
contributions will enable Web developers to develop Web 
applications that provide context dependent data and services for 
the Internet of Things or any other software agents. To this end, an 
E-Commerce scenario is presented. 
Keywords—Pragmatic Web, Internet of Things, E-Commerce, 
Software Architecture, Web of Things, Speech Act Theory, Theory 
of Communicative Action, FIPA ACL, Sofware Agent. 
I.  INTRODUCTION 
The Web, as previously innovated by Tim Berners-Lee1, 
has been a great influence for human life. Arguably, the Web 
has reach almost every side of human life, from their birth to 
their death. However, despite of this advancement, the Web has 
reach a level where information are really very big and very 
much unstructured. As we may know, the core building block 
of the Web is HTML (HyperText Markup Language) and its 
components (JavaScript and multimedia files). This HTML 
was invented and created to be rendered by Web browser 
software for human viewing pleasure. It was not inteded for 
machine processing. This era is known as Syntactic Web era 
where most of the Web consist of only HTML and its 
components for human processing. It has no known problems 
until human realize that there are too many information on the 
                                                          
1 http://www.w3.org/History/1989/proposal.html 
Web that most people feel impossible to fit in human 
processing capabilities. 
The information flood has led to the next advancement of 
the Web: Semantic Web. When people use mostly only HTML 
and its components for the website, it proves to be difficult for 
automatic machine processing. This difficulties stem from 
HTML-based contents of the website which is possible for 
machine processing but difficult to infer exact meaning since 
all tags in HTML are related with human view (such as 
<B></B> for bold, <table></table> to draw table but machine 
will never “understand” what is inside the table or the word 
with bold font). Also, one word may denotes more than one 
meaning. For example, the word “Java” as an island in 
Indonesia is different with “Java” as the name of a 
programming language. A search engine will return both result 
(Java island and Java programming language) when user uses 
“Java programming” for keyword in his/her searching criteria. 
If we can “annotate” the word “Java” with its associated 
meaning then any search engine can use the “annotation” to 
revise its search result. The Semantic Web and Linked Data 
initiatives are used to enable the Web with semantic processing 
and inferencing capabilities. 
Although the Semantic Web has proved to be useful2, there 
are gaps between the original Semantic Web vision and current 
situation of so-called the Semantic Web. In its original 
Semantic Web vision [1], Berners-Lee et.al elaborated some 
components of the Semantic Web so that human can use it to 
help them in doing their daily activities. Those components are 
some standards and specifications to give well-defined 
meaning for Web contents so that machine can “understand”3, 
and software agents - created by people or organizations - that 
collect Web contents from diverse sources, process the 
information, and then exchange the results with other 
                                                          
2 see http://www.w3.org/2001/sw/sweo/public/UseCases/ 
for example of Semantic Web case studies and use cases 
3 in this case, ontologies become an important part 
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programs. Unfortunately, despite of its advancement, the 
Semantic Web now still in the “give well-defined meaning to 
the Web contents” phase, in line with the meaning of 
“Semantic” in linguistic theory. To move the Web to the 
original Semantic Web vision, we need to shift our way of 
thinking about Web into the pragmatic level: the Pragmatic 
Web [2], [3]. Pragmatic Web is the next advancement of the 
Web. It is intended for context dependent Web. Pragmatic Web 
is not meant to replace current Web, but complement current 
Web with pragmatic level infrastructure. Enriching Web with 
pragmatic level infrastructure means enable the Web to provide 
semantic infrastructure while still provide context-dependent 
Web components such as rule processing and contextual 
processing components. That way, the Pragmatic Web will 
become an intelligent software agent which can communicate 
with other software agent toward an agreement or 
disagreement. 
Web is not the only advancement that happens on the 
Internet. Current standards, specifications, and technologies has 
been proposed and recommended for the Web and they are all 
contribute to a more connected people. Nowadays, not only 
people connected to the Internet but more research and 
advancement has been dedicated for more connected objects 
(sometimes also called “smart object” or “things” or “smart 
device”, in this paper we will use “smart device”). Internet of 
Things (IoT) is the new paradigm for connecting real world 
objects to the Internet. There are many definitions of IoT, but 
we will cite definition from [4]: 
IoT is interconnection of sensing and actuating 
devices providing the ability to share information 
across platforms through a unified framework, 
developing a common operating picture for 
enabling innovative applications. This is achieved 
by seamless large scale sensing, data analytics and 
information representation using cutting edge 
ubiquitous sensing and cloud computing 
The phrase “Internet of Things” was coined by Kevin 
Ashton when he made a presentation at Procter and Gamble 
(P&G) in 1999 about linking the new idea of RFID in P&G’s 
supply chain [5]. The idea is simple: current Internet data is 
still mainly driven by people and people have limited 
capability in handling all of those data, therefore, the IoT will 
enable real world object/thing to capture the data for automated 
processing. IoT was considered the next future advancement on 
the Internet since it enables many things to be done 
automatically without (or with minimum) human intervention 
and then capture. When the devices and objects are connected 
and integrated with the Web infrastructure, they are called “the 
Web of Things” (WoT). There are many devices and objects 
that can be used on the IoT and / or WoT: wireless sensor 
networks, ambient devices, household appliances, RFID and 
NFC tagged objects, etc. 
This paper is an initial effort to integrate the smart device 
with the Web application. In this context, we consider a service 
oriented architecture for this integration where the service 
provider (“the Pragmatic Web application”) provide services 
for smart device as service consumer. Both meet in a service 
encounter. To this end, this paper is organized as follows. In 
section II, we present a scenario of daily commerce activities. 
Our proposed solution will be based on that scenario. In section 
III, we propose an overview of block diagrams for service 
interaction between the Pragmatic Web application and the 
smart device. Based on the block diagrams, in section IV, we 
present the Pragmatic Web software architecture and its service 
interaction components. We conclude our paper in section V 
with an overview of what we try to solve and possible future 
research. 
II. E-COMMERCE: SCENARIO, COMPONENTS AND 
AUTOMATION 
Our scenario is based on our daily life activities. Suppose 
we have a rice box which we use to store our rice. Our 
activities regarded our stock of rice in the rice box are usually 
very simple: we check the rice box to see if we ran out of rice. 
If we have only 1 kg or less, then we decide we must buy some 
more rice. We will go to the supermarket to buy some more 
rice. In doing so, we usually have a specific supermarket that 
we usually visit for shopping, or probably we need to find more 
options. When we reach a consensus with the seller in the 
supermarket, then we pay them for the rice. Finally we return 
back home with some kilograms of rice and put the rice into 
the rice box. 
From the E-Commerce scenario above, we can identify 
three main components: (1) service provider: rice seller, (2) 
service consumer: consumer who want to buy some kilograms 
of rice, and (3) service encounter: supermarket is the place for 
consumer to meet rice seller and making a commitment to buy 
some kilograms of rice. We will imitate these components in 
our proposed system. We also acknowledge that in a system 
where provider and consumer meet for a commitment, 
conversation / negotiation become the most important issue, 
therefore we must also discuss these components extensively 
later. 
Degrees of automation depend on interaction complexities, 
and interaction complexities depend on whether the area is 
well-structured or not. In a relatively well-structured area, 
automated negotiation is suitable but in most business settings 
where communication and negotiation are less well-structured, 
human are the negotiators. In this situation, negotiation are 
performed by human, while a software system is needed to 
support human in doing negotiation [6], [7]. The less complex 
transaction interaction and rules, the more interaction can be 
automated. 
III. B LOCK D IAGRAMS 
Our previous analysis of E-Commerce scenario above has 
identified three most important components. On the Internet, 
we may transform those components into a request-respond 
cycle between Web client (“consumer”) and Web application 
(“seller / provider”) and they both “meet” at a specific “place” 
(a service encounter: “port” at low level or “Web API” / 
“RESTful Web Services” at application level) on top of 
TCP/IP Network infrastructure. We may use many kind of 
smart device as consumer but basically we will use Raspberry 
Pi and Arduino. Arduino4 is a programmable microcontroller 
                                                          
4 http://www.arduino.cc 
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and designed to read data from sensors, compute the data, and 
(for this paper purpose) send the data to a PC. Therefore, the 
PC can be used as Pragmatic Web service consumer. 
Raspberry Pi 5 is a fully fledged operating system (Linux) and 
other software / development tools that loaded on an SD card. 
They both can be used as smart device for fully automated 
processing as well as to support human collaboration. 
A. Raspberry Pi 
In a fully automated processing category, we use Raspberry 
Pi as a smart device. Figure 1 shows an overview of block 
diagram for fully automated processing with Raspberry Pi 
device. We put weight sensors into the fridge and the sensor 
will transform the amount of weight into electricity. For weight 
sensors, we use strain gauge, strung together to form a 
wheatstone bridge. The output of weight sensors are changed 
into digital amount by ADC (Analog to Digital Converter). 
Conversion result will be read by Raspberry Pi using I2C 
interface on port GPIO. The result of this read process is digital 
data which shows the weight of rice inside the rice box. Using 
this block diagram, ADC is fully controlled by Raspberry Pi 
and the logic for decision to buy or to not-buy can be 
embedded inside Raspberry Pi using Python6 programming 
language7. 
 
Fig. 1. Block diagram for Raspberry Pi 
 Development tools availability is the key to embed 
intelligent processing capabilities into smart device. Supporting 
this kind of interaction is not a trivial task. Beside 
communication and interaction protocol, both need to have an 
automated negotiation capability. 
B. Arduino 
 In this category, we use Arduino as a sensor reader. In 
Figure 2, a weight sensor will be plugged into a fridge to 
monitor the basket. The weight sensor will transform amount 
of weight into electricity. The result will be read by Arduino 
using its analog input pins. Arduino uses microcontroller which 
has been equipped with 12 bit ADC (Analog to Digital 
                                                          
5 http://www.raspberrypi.org 
6 http://www.python.org 
7 Other development tools also available, for example 
Oracle Java on Raspbian, see 
http://www.raspberrypi.org/archives/4920 
Converter). This 12 bit ADC is precise enough to convert data 
from sensors to digital data. The digital data can then be sent to 
the PC using serial port. Inside the PC, we use Node.js and 
related packages (such as noduino8 or johny-five9) to control 
Arduino. Since processing part is done in PC with Node.js, we 
may use any available Node.js packages from NPM10. 
 Using this block diagram, it is possible for smart 
device manufacturer to put intelligent processing logic, data 
storage, and decision support capabilities into the PC. 
Therefore, smart device manufacturer should bundle sensors, 
Arduino, and special software to manage the Arduino and 
support human in E-Commerce activities. Whenever the 
special software inside the PC received the digital data, it will 
check whether the rice box has run out of rice or not. If yes 
then the software will do basic interaction activities to the 
Pragmatic Web application. This interaction is explained more 
details in section IV. 
  
 Fig. 2. Block diagram for Arduino 
 The special software that reside on a PC (or gateway) 
is used by the user to connect to the Pragmatic Web and 
manage its interaction. Since it resides on a PC with more 
computing power, we may put more tasks onto the computer: 
1. Storage 
2. Business logic 
3. User interface 
4. Rule base and rule / inference engine 
5. Libraries 
IV. PRAGMATIC WEB AND ITS SERVICE 
INTERACTION WITH SMART DEVICE 
In this section, we present a conceptual software 
architecture for the Pragmatic Web application. Since it will 
communicate with the smart device, it should be viewed as one 
integrated system with the smart device. The smart device will 
need to have more or less the same components as the 
Pragmatic Web, especially the rule base and inference engine 
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because both will communicate their policies and rules toward 
commitments. 
A. Pragmatic Web Architecture 
We propose the Pragmatic Web software architecture in 
Figure 3. Service discovery will not be disclod in more details 
in this paper since it desevers its own discussion. We will 
concentrate on one-to-one communication between the 
Pragmatic Web and smart device.  
In this architecture, we conceptually use server side Web 
API as its service encounter. Although we can use some 
protocols and / or specification11, we strongly suggest RESTful 
web services for its maturity and its stability (it is based on 
HTTP). By using RESTful web services, any smart device - 
directly or indirectly - with ability to send HTTP requests, can 
contact and communicate with the Pragmatic Web. 
Any requests will be processed by request handler 
components. It comes as a routing library which will accept 
HTTP request and its parameters and then based on message 
contents, this routing component will forward them to other 
components (libraries, data, ontologies/triplestore, rule base 
and its inference engine) and return the results back to the 
client. This interaction and message contents will be explained 
more details in section IV-B. 
 
 
Fig. 3. Conceptual architecture of the Pragmatic Web 
B. Interaction Mechanism 
There are three phases in E-Commerce: search, negotiation, 
and fulfilment [8]. The Pragmatic Web is designed to 
incorporate those three phases by interacting with its clients. 
Interaction is done using message-sending-receiving 
mechanism between client (smart device) and the Pragmatic 
Web. To this end, we adopt FIPA ACL (Agent Communication 
                                                          
11 For example: SOAP-based web services, RMI-
IIOP/CORBA, etc 
Language)12 and standardized rule format to expresss each 
side’s policies and rules as its message contents. We also adopt 
speech act theory [9], [10] for message (part of performatives 
in FIPA ACL message). We also add Habermas’ theory of 
communicative action [11] by adding a reaction of any speech 
acts in the form of “understand” and “not-understand”. Details 
follow. 
1) Improvement of FIPA ACL Message Structure: We use 
FIPA ACL (Agent Communication Language) message13 as 
our base. FIPA ACL uses performatives from the speech act 
theory in Table I for the message that will be sent from smart 
device to the Pragmatic Web and vice versa. 
Our improvement of FIPA ACL message structure is 
aimed towards clarity and more explicit communication. 
Originally, FIPA ACL message parameters consist of 13 
parameters: performative, sender, receiver, reply-to, content, 
language, encoding, ontology, protocol, conversation-id, reply-
with, in-reply-to, reply-by. We propose to include: 
 phase: consist of current phase, possible contents are 
search, negotiation, and fulfilment 
 phase-status: consist of finish or unfinish 
 previous-phase 
 next-phase 
 message-status: if message is a reply, then we have to 
make sure that we understand the message that we are 
about to reply. The content should be understand or 
not-understand. 
Speech act Description English verbs 










Directives Call upon listener to do 
something 













Expressives Express a psychological 
position about a state of 
apologize, thank, 
condole, 
                                                          
12 http://www.fipa.org 
13 http://www.fipa.org/specs/fipa00061/SC00061G.html 
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Declaratives Change the reality in 
accord with the 









SUMMARY OF ENGLISH VERBS RELATED TO SPEECH 
ACTS 
 
The definition, concept relation between phase, and relation 
between phase and performatives are saved in 
triplestore/ontologies. By using “phase” message structure, we 
can limit performatives that can be handled, for example, in 
phase “search”, a speech act that can be used are directives - 
ask/request information and assertives - inform. Also, 
whenever a phase has been finished, then both can go to the 
next phase. 
2) Search: In search phase, usually smart device will 
request basic question such as product list, product availability, 
etc. Therefore, the interaction is usually structured and involves 
Directives - request information (from smart device to 
Pragmatic Web application) and Assertives - inform (from 
Pragmatic Web application to smart device). 
3) Negotiation: The key in E-Commerce interaction is in 
negotiation. Both parties can use all of speech acts in this 
phase. Rule base and rule engine are central in this part. Both 
parties exchange message to negotiate toward commitment(s). 
Most message exchange will be about policies and rules. 
Therefore, we propose Rule Interchange Format / RIF14 which 
is a recommendation from W3C for rule interchange between 
application. To ease the communication formalization, as in 
any negotiation mechanism in the real world, we propose three 
stages of negotiation: 
1. Identification. In “identification” stage, both parties 
conduct a question-answering session to make sure 
that both deal with the right party. To this end, both 
parties have to provide a credential and each party can 
trace the credential so that both can be sure about each 
party.  
2. Offer and counter-offer. In “offer and counter-offer” 
stage, both parties send policies and rules which show 
each other preferences in doing business. 
3. Agreement. In “agreement’ stage, both parties agree 
or disagree on policies and rules regarding the 
product. 
Beside some additional phase above for message structure, 
to accomodate negotiation part, we also propose sub-phase 
                                                          
14 http://www.w3.org/2005/rules/wiki/Primer 
and subphase-status. Therefore both parties can only do offer 
- counter-offer after both agree on both identity, and so on. 
4) Fulfilment: In this phase, both parties usually can use 
commissives, expressives, and declaratives speech acts. In this 
part, if both parties agree on specific contract, both need to 
have the same contract document. In contract document, both 
write policies and rules as agreed upon in previous phase 
(negotiation). The document can be stored in a NoSQL 
document store database such as mongoDB15, Apache 
CouchDB16, etc. 
V. CONCLUSION 
In this paper, we have identified and discussed the 
Pragmatic Web software architecture and how it can be used to 
fit a scenario of home automation for the Internet of Things. In 
this scenario, interaction between the Pragmatic Web and smart 
device is the most important part. To this end, we propose 
some improvements for FIPA ACL message, namely phase 
and subphase based of three phases in E-Commerce. We also 
discuss speech acts for communication between the Pragmatic 
Web and smart device and accomodate validity claims from 
Habermas’ communicative action theory by putting message-
status. However, we also need to consider service discovery 
for future research. 
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